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INTRODUCTION 
Methionine was discovered in 1922 by Mueller (33} and 
was first known as Mueller's acid. In 1928 Barger and Co7ne 
(6) found. that it was a methylated sulfur compound known aa 
alpha-amino-gamma-·methyl thio-butyrio acid and later gaTe 1.t 
the present shorter name ot methionine.. Rose and h1s aeao-· 
oiates (34) have shown that it is the essential sulfur amino 
acid and not oystine as was formerly thought. Methionine 
plays an important role in the growth ot plante and animals: 
tirst, as a methylat1ng agent;: second, as an amino acid 
essential for the building of tissue proteins; third, as a 
source or sulfur tor the eynthe. 1s ot cyste1ne, oystine, and 
glutathione; and fourth, as a �par.t :· ot eulthydryl-dependent 
enzymes which are vital in animal metabolism. Its labile 
methyl group, wh1oh is held by a covalent bond to sulfur, 
constitutes, together_with the meth7l groups from betaine and 
choline, a dietary 11pool 11 ot physiologically interchangeable 
methyl groups (18). It also provides the N-methyl group ot 
the hormone adrenalin (22), prevents tatty 1nt1ltrat1on of 
the liver,· prevents hemorrhagic degeneration ot the kidneys 
(13), nd promotes the metabolic synthesis ot oreatine, 
phosphooreat1ne, choline, and aoetyloholine. Its sulfur 
group prevents the high blood o -olesterol level (41) which is 
aseoo1ated with atherosclerosis. It also aide in the healing 
ot bone fractures (42), in the healing ot wounds (40), and in 
the clotting ot blood (43). Methionine increases the reten-
l 
tion ot nitrogen and eultur in the bodies of dogs and 
rate (1) and (19) . It alleviates the growth 1nhib1t1on 
etteot produced by eth1on1ne when added to the diet (36) 
and affords protection against poisoning by pyridine (?) . 
Methionine has been tound to exhibit a greater number 
or functions than any ot the other essential amino acids 
in biochemistry and nutrition. One commercial company is 
at present producing 1t on a large scale to� poultry reeds. 
Since the future of methionine i bright with the prospects 
of new discoveries and new applications, a convenient and 
simple chemical means of detecting it with ae much accuracy 
and sensitivity as possible is 4ee1rable. 
It was the aim ot this experimental work to deveiop a 
chemical micro-method tor the analysis of methionine by a 
modit1oation ot the McCarthy-Sullivan method. This method 
has been applied with satietaotory results to extracts ot 
tissues and hydrolysates or casein, blood and liver or rat, 
and oorn. 
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REVIEW OF METHODS 
Chemically, methionine is largely demetbylated bJ 
1ulfur1c acid but 1a inert toward phosphorlo acid (2). 
It is decomposed by hot 50% sulturio acid into homooystine 
and methionine methylsultonium hydrogen aultate (29) . 
It is readily deam1�1zed enzymatically, which suggests 
that alpha-keto-ga.mma-methyl mercapto butyrio acid may 
be the only product or methionine in the presence �r tissue 
slices (12). The meth7l group is readily oxidized by the 
animal organism to carbon dioxide and water (31). Its 
aultur content, unlike that of oystine and oyeteine, 1a 
not converted to sulfate by o,1dation with nitric acid 
(23). It is oxidized to sulfate only it the methyl group 
is accepted by another compound and it there ia no avail­
able thio group acceptor (12). Oxidation takes place 1n 
the liver as found by Forker, et al. (21). It 1s not 
destro7ed by acid hydrolysis (30). It forms sultonium 
compounds when it reacts with an excess ot methyl bromide 
or methyl iodide in a mixture of equal parts ot 85% formic 
-acid and acetic aold (37). It increases the dephosphory­
latlon ot adenos1netr1phosphate by the catalytic action ot 
the enzyme system known as n1ootinam1de methylklnaee. Thia 
system catalyzes the over-all transmethylation or methionine 
(14). Lavine (28) showed that among common amino aoids 
methionine is distinguished �7 a reversible reaction with 
iodine. It reacts with sodium nitroprusside in alkaline 
medium to give a yellow color which turns red on 
acid1tioat1on (32) . 
Based on the ohemioal properties of methionine, various 
Quantitative method were introduced. The earliest method 
was devised by Baernste1n (4) who hydrolyzed the protein wfth 
bydr1od1o ac1d and thereby oauaed the demethylation ot 
methionine. Then the methionine waa indirectly determined 
either aa the volatile methyl iodide (4) or by the titration 
ot the resulting bomocyateine (5) . Toenniee with Callan 
(38) and with Kolb (27) made use ot the destructive ettect 
ot hydrogen peroxide. Methionine ia selectively oxidized 
by hydrogen peroxide in 6� perohlo1"1c ao1-d, and then the 
excess hydrogen peroxide 11 ba k-t1trated with eodiwa 
thioaultate. A gravimetric method••• employed bJ Beach 
and Teague (8) 1n which methionine vaa demethy.lated b7 
hydr1od1o acid to give a th1olactone which oould be aepar­
ated trom cy1te1ne by cuprous oxide. Tutiya (39) employed 
the methyl sulfide procedure where methionine 11 tuaed with 
sodium hydroxide to yield meth7l sultide. The latter 11 
aerated into a solution ot 1aat1n, and the resulting green 
compound is  determined oolor1metr1call7. Tutiya claimed 
that with the exception ot a mixture ot 07atine and betaine, 
other amino acids do not give any color under these oond1-
t1ona. Lavine (28) based his determination on the reversible 
reaction with iodine. A moditication ot this method••• 
made b7 Sak.ay and Toennies (3 when they devised a 1peotro­
photometr1c m1crodeterm1nation ot iodine instead ot the 
th1osulfate titrat ion. 
A color reaet1on was used by Sotin, Rosenblum, and 
Schultz (35), wherein methionine reacted with anhydrous 
ouprio sulfate in concentrated sultur1Q aoid to give a yellow 
color similar to that obtained by Kolb and Toenniee (27) when 
they treated a solution ot methionine with oupr1o chloride in 
concentrated hydrochloric acid. Tryptophane and tyrosine 
responded to this color reaction. Recent colorimetric and 
microbiological methods appear to be more accurate and con­
venient. McCarthy and Sullivan (32) based their colorimetric 
method on the reaction ot methionine with sodium nitropruse1de 
in an alkaline medium. They applied this method to casein 
hydrolysates and cont1rmed the results as reported by 
Baernstein (4). They used strongsod1um hydroxide (14. 3 N), 
a� s olution ot glycine to eliminate the interference ot 
histidine, and a mixture of hydrochloric and phosphoric acids 
tor acidification to give a clearer color. The author claimed 
this method to be sensitive to �O p. p.m. in the Duboecq 
colorimeter, but it did not to1low Beer's law. Modifications 
of this method have been made by Hess and Sullivan (25) , 
Caonka and Denton (16) , Chitre (15) , Horn, Jones, and Blum 
(26) , and Bolling (10) . 
Hess and Sullivan (25) hydrolyzed the protein tor analy­
sis with 5N sodium hydroxide toD two hours at 110°c. It was 
claimed that this short hydrolysis period minimized the 
destruction or methionine in a 11. A lower concentration 
of sodium nitroprusside (20 mg. instead or 30 mg. ) was used • 
• Csonka and Denton (16) precipitated histidine with 
5 
phosphotungstio acid to avoid- the uee of glycine, using a 
1� solution ot sodium n1tropruss1de instead ot 10� as used 
by or1g1nal authors, and using only 20% hydroohlor1o ao14 
for ac1ditioat1on. 
Obitre (16) introduced l mg. ot methionine per deter­
mination !f th3 protein was low in methionine, and he used 
only phosphoric acid tor ao1d1tication. 
Horn, Jones, and Blum (26) subjected the protein to 
acid hydrolysis or to digestion by the enzyme papain, using 
a 3% s olution ot glycine, 5N sodium hydroxide, and 85� 
phosphoric acid tor acid1ticat1on. These authors reported 
excellent agreement in miorobiol�$1cal assay values when 
proteins were hydrolyzed by acid and by the enzyme papa1n. 
atekol (10) made the following comment on the McCarthy­
Sullivan methionine method: 11 Cyetath1on1ne, methionine 
sultoxide, S-beta-carbo.xyethyl-oysteine, and homooyst1ne gave 
no color at 11 concentrations employed. On the other hand, 
eth1on1ne, 6-n-propyl-homooysteine, 6-isopropyl-homocysteine, 
b1metb1on1ne, N-benzoyl-meth1on1ne, 6-benzyl homooysteine, 
S-carboxymethyl-homocystelne, S-l:>eta-carboxy-ethyl-homooysteine 
gave colors in intensities ot 12� to over 200% ot that given 
by methionine calculated on molar basis." 
The McCarthy-Sullivan method was applied to the estima­
tion ot methionine in blood and urine by Bennett, et al. (9). 
They made a stepwise preo1p1tat1 n or protein with acetic 
aoid, heat, and trichloroacetic acid 1n order to lessen the 
6 
7 
loss ot methionine. They noted that urea caused the methionine 
oolor to tade in urine analysis, and so readings were taken 
immediately atter development ot color. 
At the present time the ueetul range ot the method is 
between SO and 400 micrograms. The extension ot the range 
trom 80 to O micrograms would represent a distinct advancement 
due to the small amounts ot methionine in biological tissues 
and the advantages ot using small weights ot tissues. Th11 
has been accomplished by a caretul analysis ot the method, 
which now measures between 10 and 360 micrograms with accuracy 
and precision. 
EXFERIMENTAL PRqCEDURES AND RESULTS 
I. Quantitative Determination ot Methionine. 
(a) Principle: This method is a modification ot the oolori­
metrio method ot McCarthy and Sullivan (32) . They used a 
strong concentration ot NaOH (14. 3N) , a 1% solution ot glycine 
to eliminate interference ot histidine, a 10% solution ot 
sodium nitropruseide, and then kept the temperature ot the 
mixture at 35°0 - 45°0 to obtain a clearer color. The 
authors then cooled the reaction mixture in ice water tor 
about 2 minutes before adding an HC1-H3Po4 mixture (9 
Yolumee ot oonc. HCl and l volum :ot 85% H3P04) to prevent 
the interterenoe or tryptophane. 
(b) Reagents: 
Standard methionine solution in O. lN HCl (200 p. p. m. ) :  
Dissolve 50 mg. or methionine in 250 ml. ot O. lN HCl. 
5N NaOH: Dissolve 20 gms. or NaOH pellets in distilled 
water. Dilute to 100 ml. , or dilute a concentrated NaOH 
solution. 
1% glycine: Dissolve l gm. ot glycine 1n water and 
dilute to 100 ml. 
1� sodium nitroprusside: Dissolve 1 gm. ot sodium 
nitroprueside in 100 ml. ot water and store in a glass 
stoppered brown bottle away from light. 
85% H3Po4: Reagent grade. 
O. lN HCl: Dissolve 3. 65 gm . of HCl in water, dilute 
to 1000 ml. and standard1Ee, or bJ the dilution of a known 
amount ot constant boiling point HCl. 
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(o) Analysis or the Method: 
1. Ertect .2t S9d1y91 Hz:droxide Concentration. Sodium 
hydroxide is essential in order t o  bring about the yellow 
color or sodium nitroprueside.with  methionine. The solution 
later turns pinkish red on aoid1t1oat1on. Concentrations ot 
14.3N and 5N, as used by previous investigators, were t1rat 
used. The greater concentration gave a higher tranem1ss1on, 
1. e. , a lighter color. Then varying quantities ot 5N NaOB 
were added separately to eaoh ot the calibrated test tubes 
containing 1. 0 ml. of standard methionine. Data, as presented 
1n Table I, show that a basicity between O. lN and l. ON 1a 
eatisractory. It 1s essential t�at the medium be basic 
before the addition ot sodium nitroprusside. The amount or 
6N NaOH required depends on the acidity or the sample, or it 
the amount of NaOH required by the procedure is constant, the 
sample should be brought to a pH ot 4. 5-5. 0 betore analysis. 
2. Ettect .2! Sodium N1tropruss1de Concentration. 
Sodium nitropruseide in the presence ot methionine produces 
a yellow color in an alkaline medium and a red color on 
ao1d1t1oat1on. Different ooncentrationa ot sodium nitro­
prues1de ranging trom 4Q% to� were used in the first trial. 
In the second trial the concentrations used ranged trom � 
9 
to o.1,%. Separate blanks were made tor each determination. 
Results, as shown in Table II, show that a high concentration 
ot sodium nitroprusside gave a very deep color which 11 
d1tt1oult to read in the colorimeter, while a low concentration 
gave a very taint color. A 1$ concentration was round 
suitable. 
3. Etteot .Qt Gl701ne. Glycine may be eliminated 1n the 
procedure as in (d1) (see section d) , 1t the histidine has 
been precipitated or its absenoe is known. Histidine gives 
the same color reaction with nitropruseide as methionine 
does, but its interference 1s prevented by glycine •. D1tterent 
oonoentrations ot glycine ranging from 10% to� were used •. 
A high ooncentrat1on ot glycine increases the transmission, 
1.e., decreases the intensity ot the red color produced by 
methionine. A oonoentrat1on of 1' was tounq to give the 
least decrease in transmission. When there 1s a large 
amount or histidine present, the concentrations of glycine, 
sodium hydroxide, and sodium n1troprues1de may be increased, 
with the corresponding changes being made in the blanks and 
standa.rda. 
•. Ettect � Phosphor12 Acid Conoentrat1on. Aa ha• 
been atated by Andrews (2), methionine ls stable in phoe­
phor1o acid. Th pH ot the solution before the addition 
ot·aoid must be basic or else the red oolor w111 not appear. 
Phosphoric aoid is better than hydrochloric acid because it 
gives an almost colorless blank and a pure pink color in the 
presence of m th1on1ne. Hydrochl r1c acid gives an orange 
color with methionine and a slight color to the blank. Leas 
acid gives less color. A great• acid concentration results 
10 
in more color due, apparently, to the greater solution density. 
A greater concentration of acid tend� to stabilize color 
against t1me. Results are shown in Table III. 
5. Etteot .2.t Tempe·rature. Heating to �5oc - 4000 as 
required by the McCarth,y-Sullivan method h•s been omitted 
because it does not attect the t ransmission. Cooling, wb1ch 
was also required, was omitted because the modification ia 
always applied to acid hydrolyeates where tryptophane 1s 
absent, since tryptophane is destroyed by strong acld. It 
is essential� however, that this tact be kept in mind when 
making the hydrolyeatee. 
6. Etteot .Q.t. Adding Water .!.n lb.! First ,2t Last lit! 
R.! !!l!.. Procedure. Adding water to the meth�onine solution 
or to the mixture before reading in the colorimeter does not 
attect the per cent ot transmission. So the addition or 
water as the last addend, waa preferred. 
7. Ettect .2.t Order .2t. J\dd1tion RI. Reagents. Sodium 
hydroxide must be added to the methionine solution before 
the addition ot sod1Ulll n1tropruss1de, or else no yellow 
color will be produced. Phoephor1o acid ebould be added 
atter the addition of the n1tropruss1de, 1n order that a 
red color will be produced. Ir phosphoric aoid is added 
betore the n1tropruss1de, no color reaction ot methionine 
v111 take place. 
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Table I 
Etteot ot Sodium H7drox1de Concentration on Color Reaction ot Methionine 
Test tube No. 1 2 3 4 6 6 7 a 9 10 
Standard Methionine ml. 1.0 1.0 1. 0 l.·O 1.0* 1.0 1. 0  1.0 1. 0 1.0 
5N Sodium Hydroxide ml. 0.4 0.3 0.2 0.1 o.o 0.5 0.6 o.a 0.9 1.0 
1� Sodium Nitroprusside ml. 0.2 0. 2 0.2 0.2 0.2 0. 2 0. 2 0.2 0. 2 0.2 
85% Phosphoric Acid ml. 2.0 2.0 2.0 2.0 2.0 2. 0 2. 0 2.0 2. 0 2.0 
Water ml. 3.0 3. 1 3.2 3.3 3.4 2. 9 2.8 2.6 2.5 2.4 
Total Volume ml. 6.6 6.6 6.6 6.6 6. 6 6.6 6.6 6.6 6.6 6.6 
Per Cent Transmission 78 78 78 78 100 78 78 78 78 . 77 
Normality ot Mixture 
prior to Addlt1on ot Acid 
Acid 0.46 0. 34 0. 23 0. 11 pH 0. 67 0.68 0.91 1. 0 1. 13 
*No yellow color developed in acid mediwa and no red color developed on &dd1t1on ot acid. 
Blanke were run on each determination using O.l N HCl. 
-f 
..... 
ro 
..... 
0 '!able II 
C.t:) 
N Etteot ot Varying Concentrations et Sodium .litropruas1de ""'1 
{'" 
on the Color Reaction ot Keth1on1ne 
Teet Tube No. 1 2 3 .4 5 6 7 8 
Standard Methionine ml. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 l.O 
� 
611 Sodium Hydroxide ml. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
C: � Sodium N1tropruss1de 40 / 30 20 10 1.0 0.6 0.25 0.1 
i 
I 
Sodium N1tropruss1de ml. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
85� Phosphoric Acid ml. 2.0 2.0 2.0 2.0 2.0 2.0 2. 0 2.0 
> ml. 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 Water .... � fl ' I 
Total Volume ml. 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 -
rr· 
() Per Oent Tranam1ee1on 7 12 23 85 78 80 79 90 
C: The data abow that 1$ aod1ua nitropruaeide gives the best result. " 
...:, 
� 
Table III 
Etteot ot Concentration or Phosphoric Acid on Color Reaction ot Methionine 
'Test Tube No. 
Standard Methionine 
5N Sodium Hydroxide 
1 2 3 4 5 6 7 8 9 10 11 
ml. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
ml. 0. 4 0. 4 0. 4 0. 4 0.4 0. 4 0. 4 · 0. 4 0. 4 0. 4 0. 4 
1.% Sodium N1tropruss1de ml. 0. 2 0.2 0.2 0.2 0. 2 0.2· 0. 2 0. 2 0. 2 0. 2 0. 2 
85� Pboephor1o Acid 
Water 
Total Volume 
Per Cent Transmission 
Per Cent Transmission 
(atter 2 hours) 
1'1nal iormality of .t, 
Acid Mixture 
ml. 2. 0 1. ,5 1. 0 0.8 0.6 0. 4 0. 2 0. 1 o.o 2. 5 3.0 
ml. 3.0 3.5 .o 4.2 4.4 4.6 4.8 4.9 5.0 2.5 2.0 
ml. 6. 6 6. 6 6.� 6.6 6. 6 6. 6 6.6 6.6  6. 6 · 6. 6 6. 6 
78 79 80 80 80 81 81 100 100 76 76 
81 81 82 82 82 83 83 100 100 77 76 
.I, 
3. 57 2. 61 1. 64 1. 26 0.87 0. 55 0. 09 0. 09 0. 29 4. 57 5. 5 
Columns 8 and 9 give a basic reaction and so no red color was produced. 
Columns 10 and 11 give a darker color due perhaps to a higher concentration ot 
acid, which produces a greater solution density. 
Greater concentrations ot acid tend. to stabilize color against time. 
t-' 
� 
(d) The Modified Procedure (d1). 
Use trom O.l ml. to 1.80 ml. ot standard methionine, 
pr�pared as in section (b) , and plaee each known volume in 
calibrated test tubes. Add to each test tube 0.2 ml. ot 
6N NaOH and 0. 1 ml. ot � sodium n1troprusside. Shake atter 
each addition and allow to stand tor 10 minutes. Then add 
1. 0 ml. ot 85% H3P04 and shake vigorously tor about on 
minute. Add water to make the volume to 3. 30 ml. Let 
stand tor 16 minutes betore reading in the Cenco oolor1meter, 
using a green tilter. Record the reading as per cent ot 
transmission. Include a blank tor ev�y determination. 
See Table IV tor the experimental plan ot the determination 
and figure 1 tor the standardization graph. 
The Modified Procedure (d2) .  
Thia method is applicable to analysis ot hydrolyeatea 
or samples where histidine ia present. Thie is a mod1t1oa­
t1on ot the above procedure, (41), in  that 0. 2 ml. or� 
glycine solution is added after the addition ot 5N NaOH. 
The rest of the procedure is the same ae before. The 
results are tabulated in Table V and plotted in the graph 
or Figure 2. 
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Table IV 
Per Oent Trans.111ss1on or Varying-Amounts of Methionine 
Test Tube No. 1 2 3 4 5 6 7 a 9 10 11 12 
Micrograms ot Methionine 10 20 40 60 eo 120 160 200 240 280 320 360 
Standard Methionine Ill. 0. 0.5 0. 1 0.2 0.3 0. 4 0.6 0.8 1.0 1.2 1.4 1 .• 6 1. 8 
&N Sodium B7drox1de ml. 0. 2 0.2 0.2 0. 2 0.2 0.2 0. 2 0. 2 0.2 0. 2 0. 2 0.2 
1$ Sodium Nltroprusside ml. 0. 1 0.1 0. 1 O.l 0. 1 O.l 0.1 0.1 0. 1 0.1 0.1 0. 1 
a�� Phosphoric Acid ml. 1.0 1.0 1. 0 1. 0 1.0 1. 0 1. 0 1. 0 1.0 1. 0 1.0 1. 0 
Water ml. 1. 95 1. 9 1.8 1.7 1. 6 1. 4 1. 2 1. 0 o.a 0. 6 0.4 0.2 
Total Volume ml. 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 
Per Cent Transm1ss1on 9'1 94 90 85 81 73 66 . 59 53 4'1 43 38 
;, ' 
Blanks are run on each determination using O.lN HCl. 
Readings made after mixture had stood tor 15 minutes at room temperature. 
t: 
Table V 
Per Cent Transmission ot Varying Amounts ot Methionine with Glycine 
Test Tube No. 1 2 3 4 5 6 7 8 9 10 
Micrograms ot Methionine 10 20 40 60 80 120 160 200 240 280 
Standard Methionine ml. 0.05 0.1 0.2 0.3 0.4 0.6 o.a 1.0 1.2 1. 4 
5N Sod1ua Hydroxide ml. 0.2 0. 2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
1% Glycine ml. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
� Sod.1.um N1tropruss1de ml. 0.1 0.1 0.1 O.l 0.1 0. 1 0.1 0.1 0.1 0.1 
85% Phosphoric Acid ml. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Water ml. 1.70 1.7 1.6 1.5 1. 4 1.2 1.0 o.a 0.6 o •. 4 
Total Volume ml. 3. 3 3.3 3.3 3.3 3.3 3. 3 3.3 3.3 3.3 3.3 
Per Cent Tran.sm1ss1•n • 99 97 95 92 90 85 81 77 72 70 
Blanks are run on each determination using O.lN H<.il. 
Readings taken after mixture bad stood for 15 minutes at room temperature. 
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(e) ·8pecif1o1 t7 or Reaction. 
The method (d1) was tried on the following compounds 
with the resu�ts as indicated : 
1. alanine -
2. arginine monochlor1de --
3. aepart1o aoid 
4. oyeteine 
�. 07stine 
6. eth1onine 
7. glutamic acid 
a .  glutathione 
.9 . glycine 
10.glyoyl glyo1ne 
-
-
+ 
ll.h1st1d1ne monoohlor1de 4-
12.bomocysteine -
13. hydroxyprol1ne 
14. 1eoleuc1ne 
16. lysine monoohloride 
16. norleuc1ne 
17. phenylalanine 
18. proline 
19. serine 
20. threonine 
21. tr7ptophane 
22. tyrosine 
23. val1ne 
-
-
+ 
All ot these compounds gaYe negative results with the excep­
tion ot h1at1d1ne, tr7ptophane, and eth1onine. The 1nterter­
enoe ot hi stidine 1a eliminated by the addition ot gl701ne 
aa 1n proo·edure (de) :  tryptophane 1e destroyed by acid 
hydrolysis; and ethion1ne is not a physiological compound. 
(t) Recover, ot Methionine. 
Two mixtures (a) and ( b )  ot amino acids which gave 
negative reactions with sodium n1tropruas1de were prepared 
aa tollowe: Mixture (a) consisted ot 10 mg. eaoh ot the 
following :  alanine, arginine monohydrochlor1de, glutam1o 
ao1d , leuc1ne, lysine monohydroohlor1de, and threonine. 
Thia was dissolved 1n �O ml . ot O. lN HCl. Mixture (b) 
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oone1sted ot 10 mg. each or the following: phenylalanine, 
prol1ne, serine, t1ros1ne, and valine. · This was also 
dissolved in 50 ml . ot O.lN HOl. To 1 . 0  ml . ot eaoh of the 
mixture solutions was added trom 0 . 1  ml. to 1 . 0  ml. ot stan­
dard methionine (equivalent or 20 ,ug to 200 ,ug) . Then the 
amount of methionine was determined as in procedure (41) .  
Resulte as ebown 1n Table VI show that there was a complete 
recovery ot the added methionine. 
The trichloroacetic acid filtrate or rat blood was 
analyzed tor· methi�nine and gave negative result . To 1.5 ml. 
ot this filtrate, 0. 2 ml . ot standard ethion1ne (equivalent 
-to 40 ,ug) was added , and again there was a complete recovery 
ot the added methionine as shown in Table VII. Procedure 
(d2) was followed. 
(g) Reaction ot Methionine with other Iron Compounds: 
One per cent solutions ot pota�sium terrocyanide, 
potassium terricyan1de, ferrous eultate, and ferric chloride 
were each substituted tor sodium nitroprusside in the proce­
dure. No red color was developed in each case ,  showing that 
sodium nitroprus .slde is the only one forming a chromogen. 
This work contirmed and extended the results obtained by 
McCarthy and Sullivan (32). 
(h) Effects ot Some Compounds on the Intens1t1cation ot the 
Meth1on1ne-N1troprus eide Color Reaction: 
One per cent solutions of ferric chloride ,  ferrous 
sulfate, potas sium terrooyanide,  dimethyl-amino-azo-benzene, 
d1n1trosal1cylic acid, diphenyl amine,  orcinol, and potassium 
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terrieyanide were added separately after the addition ot 
aodiu l\itropruss1de. The t1rst five c�mpounds did not alter 
the color produced by sodium nitroprueside with methionine. 
Dipbenyl amine turned the whole mixture into a violet color, 
while orc1nol and potassium ferricyanide produced a fainter 
color. This was done to !ind a means of 1nte-neity1ng the 
color produced by sodium n1tropruss1de with methionine . None 
ot these tested compounds proved satisfactory. 
(1) Ettect ot Arsenic and Selenium Compounds on the Color 
Reaction ot Methionine: 
� 
One per cent solutions ot sodium salts, ot selenite, 
selenate,  areenite ,. and arsenate were prepared. Aliquot 
portions r9:Aging trom O . l  ml. to 1.0 ml. of each were added 
separately to 1.0 ml. ot standard meth1on1ne solution. Tbe 
amount of methionine was dete1tm1ned. The results as shown 
in Table VIII showed that these compounds even in conoentra­
t1ona equal to that ot methionine did not interfere w1th the 
color reaction or methionine. 
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Table VI 
Reoover7 ot Methionine in a M,1.xture ot �1no Ao1da 
Teat Tube Nuaber 1 2 3 " & 6 
Mixture (a ) al. o.o 1.0 o .o  6 .o  1.0 o. o 
Mixture (b) al. o.o o . o  1.0 o.o o. o 1.0 
Me,h1on1be al. 1.0 1.0 1. 0 0. 1 O.l 0.1 
6N Sodium H7drox1de al. 0.2 0.2 0.2 0.2 0.2 0. 2 
l$ Sodium H1tropru111de ml. 0.1 0.1 0.1 0.1 0.1 0. 1 
85� Phoaphor1c Aoid ml. 1.0 1. 0 1.0 1.0 1. 0 1. 0 
lfater al. 1.0 o . o  o .o  1.9 o .9  o . 9  
Total Vol\1Jlle Ill .  3.3 3.3 "'" 3.3 3.3 3.3 3. 3 
Per Oent Tranem1sa1on 09 09 59 97 97 97 
Blank.a were run tor eTer7 deter.m1nat1on: uaing 0.11 HOl. 
Mixture (a) - alanine, arginine aonohydroohlor1de, gluta.mio 
acid, l1s1ne monohydroohlor1�• .  leuo1ne, and threonine. 
Mixture (b) - phenylalanine, prol1ne, serine, tyrosine, and 
Yal1ne. 
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Table VII 
Reoover1 ot Added Meth1on1ne 
1n Tr1ohloroacet.1c Acid Filtrate ot Rat Blood 
Test Tube Number 
Tr1chloroacet1c Acid 
Filtrate ot Rat Blood 
Standard eth1ou1ne 
5N Sodium Hydroxide 
� Glycine 
1 2 3 4 
ml. 0. 0 1. 5 1 . 6  1 . 5  1 . 5  
ml. 0. 2 0. 2 0. 2 0. 2 0 . 2  
ml. 0. 2 0. 2 0. 2 0. 2 0. 2 
al. 0 . 2 0. 2 0 . 2  0. 2 0. 2 
� Sodium N1tropruss1de ml. 0. 1 0. 1 0. 1 0 . 1  0 . 1  
85% Phosphoric Acid . 
Water 
Total Volume 
Per Cent Tranam1aa1on 
ml. 1. 0 1 . 0 . 1 . 0  1. 0 1.0 
ml. 1 . 6 O. l O.l 0. 1 O. l 
ml. 3 .J  3 . 3  3 . 3  3 . 3 3. 3 
95! . 94: 95 94 96 
Blanke were run tor each deter�1nat1on using O. lN HCl. 
. .  
24 
Table VIII 
mtteot ot Selenium and �sen1o Compounds 
on Color R�actlon of Methionine 
Test Tube Number 1 2 3 4 5 
St ndard Methionine ml. 1. 0 1 _ 0  1. 0 1 " 0  1.0 
� Sodium Selenite ml. o . o  1.0 o.o o. o o. o 
� Sodium Selenate ml. o .o o.o 1. 0 o.o o.o 
]$ Sodium Ar sen1te ml. o . o o.o o.o 1. 0 o.o 
1% Sodium Arsenate ml .. o.o o.o o.o o.o 1, 0  
fiN Sodium Hydroxid� ml,. 0. 2 0.2 0. 2 0. 2 Q , 2  
]$ Sodium N1tropruaa1de ml. 0.1 .,, 0. 1 0. 1 0.1 0 .• 1 
85� Phosphoric Acid ml. 1. 0 1. 0 1. 0 1. 0 1. 0 
Water 111. 1. 0 o.o o.o o. o o.o 
Total Volume ml. 3.3 3. 3  3.3 3.3 3. 3 
Per Cent Transm1as1on 69 59 59 59 59 
Blanka we,re run tor every determination using O.lN HCl. 
II. Application ot Teet tor Determination of Methionine : 
C a) Casein. 
A o . o gm. sample or caae1n (vitamin tree) was 
hydrolyzed from 1. 5 to 2 nours with 5 ml. or 20, HCl 1n 
an oil bath at 125°0. Then 5 ml. ot water was added, the 
solution was deoolor1zed with 50 mg. ot animal charcoal and 
warmed. The mixture was filtered and washed with 6 ml. ot 
hot lN HOl and 5 ml. ot cold lN HCl. ComQined washings 
and filtrate were neutralized with 5N NaOH added dropwise 
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with stirring to pH 3 . 5  - 4.0. The mixture was diluted to 
50 ml. with 0. 1.N HCl. Aliquot portions, using trom 0. 2 ml. 
to l � O  ml ,. ,  were analyzed tor methionine using procedure {d2) .  
Procedure (d1) was not used due to the 1nterterenoe ot 
histidine, wh1oh 1nterterenoe is prevented by the glycine 
1n procedure (d2) .  Nitrogen content was determined by the 
KJ eldahl method and protein content vas calculated trom it. 
Results are given 1n  Table IX. 
(b) Yellow Oorn. 
A 0. 5 gm. sample ot ground yellow corn was treated 
the same way as caae1n 1n II (a) . N1tr-egen. content waa 
determined b7 the KJeldahl method, and protein content was 
calculated trom 1t. The amount ot methionine was calculated 
to 16. 0 gms. ot nitrogen. Results are given 1n Table IX. 
( o ) Bl9od S!! Rat . 
Three ml. ot blood trom the vena eava of an .anesthe­
tized 280 gm. male rat were taken by means ot a syringe 
moistened with a solution ot sodium citrate. 'l'wo ml. ot 
the sample· were hydrolyzed and treated aa was casein. The 
remaining portion (1 ml. ) was used for the determination of 
nitrogen by the KJeldahl method. The percentage of protein 
wae calculated trom the nitrogen content. The amoun� of 
methionine present was calculated to 16. 0 gma. of nitrogen. 
Reaults are given in Table IX. 
Two ml. of blood taken trom a 266 gm. anesthetized 
temale rat were diluted with 8. 0 ml . of 0.86% saline solution. 
Then 10 ml ; ot lo% tricbloroaoetlc acid was added as protein 
precipitant. Filtrate was analyzed tor methionine using 
procedure (d2 ) .  Results as indicated in Table IX showed 
that there 1s no tree methionine 1n the blood. 
(d ) L&ve;r 9.t Sil. 
The liver or a female rat weighing 265 gms. was 
immediately removed after killing the . animal. Then 1. 1018 
gms. ot it was treated 1n the same way as was casein tor 
determination of methionine. The nitr ogen content waa 
determined by the KJeldahl method, and from it the protein 
content was calculated. Results are given 1n Table IX. 
A 2� homogenate was prepared fro � . 1 . 0  gm. sample 
of the same liver and treatet with equal volume ot 16% 
tr1chloroaoet1o acid to precipitate the protein. The mixture 
was filtered and the filtrate was analyzed tor methionine. 
Data as shown in Table IX show that there 1e no tree methionine 
in the filtrate. 
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Table IX 
Methionine Content or Various Samples 
Protein Nitrogen Methionine Literature Reterence 
Samples per cent per cent 1n gme . Values 
Casein (vitamin tree) 84.68 13. 29 3.61 3.6 Bolliq (11) 
Grau ( 24 )  
Yellow Corn (whole ) 7. 99 1 . 27 . 3 . 15 �. l E•ans ( 20 )  
Blood ( rat ) . 114* 1 . 79* 5. 58* 
Blood TCA Filtrate (rat) non.e 
Liver ( rat ) 19 . 78 3. 07 4.6 4 .2-4.8 Dent (17 )  
Liver TCA Filtrate (rat ) none 
*Values tor blt><>d are expressed in gms . /100 ml . 
Values tor meth1on1ne in gms. were calculated to l& .P  gms •. ot nitrogen. 
�hese Talues art not . calculated on moisture tree basis. 
Ae shown· in data above , blood and liver t1ltratea from tr1Chloroacet1c acid (TCA) 
dodnot contain tree methionine .  
l\) 
m-
D1acuas1on ot Reeulta 
This mod1t1ed method 11 adap,ed to � smaller quantit1 
ot liquid (3. 3 ml.) 1n the colorimeter tube, and there . is no 
maJ or special apparatus required . Since heating and cooling 
ot the tubes have been eliminated, the mod1ticat1on  is more 
convenient and time-saving than the original method. 
The Yaluee obtained by the Cenco colorimeter tollow 
Beer ' s  law, that 11 the1 tollow a straight line trom O to 
360 micrograms. This attorda a definit e  adYantage, because 
the corresponding methionine conttnt o t  any small amount ot  
sample oan be read directly trom the calibration curves o t  � 
Figure l or figure 2 without use ot s tandard solution o t  
methionine. 
The method hae been thoroughly reworked, and the optimum 
concentration ot  each reagent h�s been determined. The order 
ot  addition ot the reagents has been determined. It 11 
important to emphasize that the solution must be alkaline 
betore the addition o t  sodium n1troprusaide and that it 
1hould be allowed to stand 10 minutes betore the addition ot 
the acid. Interfering amino acids haYe be!n observed and 
ident1tied. Ao1d hydrol7e11 destroys t ryptopbane, and strong 
alkali plua glyoin prevents the 1nterterenoe ot h1at1d1ne. 
Ethionine gives a positive oolor reaot1on, but it 1a not a 
phyaiological compound. With these precautions, the method 
ia bighl7 apecit1c. 
The wave length ot minimum transmission was round to  be 
520 mill1microne 1n the Beekman spectrophotometer. 
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Sodium n1troprues1de 1s the only iron compound among 
those tried which torme a ohromogen with methionine. Thia 
indicates that the red color produced with sodium n1tropruealde 
on acid1t1oat1on 1 1  probably due to an iron complex ot 
methionine. The reaction between sodium n1troprueside and 
methionine 1a eap1rieal, but it appear, that the NO group ot 
the n1tropruee1de is the one 11.nked with a group ot m�th1on1ne. 
Whether it 1s linked with the sultur, meth7l, or amino group 
ot methionine 1e still unknown. 
Sever.al compounds which show color reaot1one were added 
separately with an a1m ot 1ntena1tying the oolor produced b7 
nitroprusslde, but no positive result waa obtained. Should 
aueb a chromogen be discovered, the method would be greatly 
improved because methionine represents a very small portion 
of the total amino acids formed on hydrol7sia, regardless of 
ite wide distribution. 
Selenium and araenio compounds have been  tound not to 
interfere with thi e  color reaction. 
!he validity of the reaction tor methionine waa teated 
b7 addition of a known quantity of methionine to a mixture 
ot aa1no ac1d1 or to samples which shoved negative reaction. 
There waa a ooaplete recovery ot the meth1on1ne. 
This test wae applied tor the determination ot methionine 
content ot casein, corn, rat blood, and rat liver. The period 
of h7drol7ai s waa shortened to 1. 5 - 2 hours , tor 1nveat1gat1on 
showed that shorter periods gave as reliable results as longer 
periods . Values obtained tor theee samples were 1n close 
agreement with those reported by previous investigators. 
Suggestions tor Further Work 
Since methionine 1s becoming so important b1ochem1oally, 
much attention should be given to this e ssential amino acid. 
In this method the add.1t1on ot glycine prevents the interter­
enoe ot histidine, but at present no one has reported the 
manner 1n which glycine reacts with histidine . The same 1s 
true ot methionine and eod1u.m nitroprusside. All these 
reactions are empirical and research should be done on them. 
Further studies should ' be made on t1nd1rjg a reagent which will 
produce a more intense color reaction with methionine than 
does sodium n1tropruss1de. Another area or research is to 
determine to what extent this method mJasures bound metpionine, 
e. g. 1n peptides. 
An increase ot methionine content ot the blood w�s noted 
when a rat received 10 p . p. a. ot arsenic in the drinking 
water. Thie obeervation was made on only one rat and further 
re search is necessary to confirm and extend this observation. 
Methionine added to 1011 planted w!tb corn cannot be 
reco•ered in the soil or in the germinated corn. When the 
corn seeda begin to germinate, a strong odor is produced . 
Where the methionine goes and what that odor is is not known. 
8ummar1 
A quantitative m1crochem1cal mod1t1cat1on or the McCarthy 
and Sullivan method tor the det.erm1nat1on ot methionine has 
been estat?�1ehed and applied with eatietaotory results to the 
analysis ot biological materials. 
Attempts to intensity the n1tropruss1de-meth1on1ne 
chromogen or to discover a new chromogen have not yet been 
suooeastul. 
Sodium salts ot arsenate or arsenite and the correspond­
ing torms ot selenium have been shown not to 1nte·rtere in thia 
test. 
The s1gn1t1cance or the modit1cat1on relative to the 
biochemistry ot methionine bas been discussed • 
. ,. 
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